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Abstract 
HSE-HSF complexes from different stages of the life cycle of schistosome were analyzed by pore exclusion electrophoresis (estimates 
the size of the native DNA-protein complex), and by U.V.-cross-linking followed by SDS-PAGE (estimates the size of the monomeric 
heat shock factor, HSF). The apparent M r values of the native and monomeric HSE-HSF complexes from schistosomula were 80 000 and 
60 000, respectively. In adult worms M r values were 70 000 for the native HSE-HSF complex, 60 000 and 80 000 for the monomeric 
form. These findings indicate that: (1) schistosome express two (maybe three) forms of HSF, (2) different forms of HSF are expressed at 
different developmental stages. The finding that the native HSE-HSF complex and the monomeric HSF are of a similar size indicates that 
the complex contains a single HSF, or that the complex is a labile oligomer of HSF that decomposes into monomers during 
electrophoresis in a nondenaturing gel. 
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Bilharzia is a chronic debilitating disease affecting more 
than 200 million people in Asia, Africa and South Amer- 
ica. The disease is caused by parasitic helminths of the 
genus Schistosoma that have a complex life cycle in two 
hosts (man and snail), as well as short periods of larvae 
living freely in water [1]. Infected snails shed into water 
cercariae (0.4 mm long) that penetrate the skin of the 
human host where they transform into schistosomula, nd 
then into adult worms (10-15 mm long) that lay eggs for 
many years. Eggs are released with the excreta of the 
human host, and upon contact with water they hatch to 
liberate miracidia that infect the snail host. Thus, during 
the life cycle the parasite undergoes marked morphological 
and biochemical changes, and it is exposed to different 
environments and temperatures (20°C-37°C). Since heat 
shock genes are activated in response to a variety of 
stresses and during development [2,3], it was of interest o 
study the expression and regulation of hsp genes in schis- 
tosome. We have shown that hsp70 mRNA of S. mansoni 
is expressed in a stage-specific manner (miracidium ÷, 
sporocyst ÷, cercaria-, schistosomulum +, adult worm +) and 
that hsp70 mRNA levels are regulated by a developmental 
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program and by stress [4]. Developmental program, com- 
mon to hsp70 and other genes (e.g., paramyosin), refers to 
constitutive expression of the mRNA in miracidium, 
sporocyst and adult worm, but not in cercaria. Stress 
induction, specific to hsp70, refers to transient accumula- 
tion of high levels of hsp70 mRNA occurring during 
cercaria-schistosomulum transformation and in heat- 
shocked (42°C) adult worm [4]. The hsp70 gene of S. 
mansoni was cloned, and two heat shock elements (HSEI 
and HSEII) were found at appropriate location from the 
transcription initiation site [5]. The heat shock elements of 
the parasite conform with the consensus equence of HSE 
[6,7]: HSEI contains three nGAAn inverted repeats with 
one base mismatch, and HSEII is composed of two nGAAn 
repeats in which one base is deleted between the two 
nGAAn pentamers (Fig. 1). Transcriptional activation of 
heat shock genes is mediated by the interaction of HSE 
with the heat shock factor (HSF) [8]. Electrophoretic mo- 
bility shift assays (EMSA) of parasite xtracts from differ- 
ent developmental stages showed HSF binding activities 
that correlated with the pattern of hsp70 mRNA expression 
(cercaria-, schistosomulum +, adult worm +) [9]. Cercarial 
extracts did not show binding of 32 P-labeled oligos corre- 
sponding to HSEI, while extracts of schistosomula and of 
adult worms kept at 37°C or 42°C showed binding of 
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HSEI. Specificity of binding was ascertained by competi- 
tion experiments. HSEI-HSF complex formation was in- 
hibited by cold HSEI and not by HSEII [9], in agreement 
with previous tudies [10] showing that HSF reacts strongly 
with an array of three nGAAn repeats (like HSEI) and 
poorly with an array of two nGAAn repeats (like HSEII). 
In all EMSA experiments he HSEI-HSF complex of schis- 
tosomula always migrated slower than complexes of adult 
worms [9]. To evaluate this issue, we analyzed the HSEI- 
HSF complexes in nondenaturing and denaturing els to 
gain information of the sizes of the native complex and of 
the HSF monomer. 
HSEI-HSF complexes were subjected to pore exclusion 
electrophoresis (PEE) that estimate the molecular weight 
(M r) of the native DNA-protein complex [11,12]. In this 
procedure the complexes are electrophoresed for an ex- 
tended period (~ 24 h) in a nondenaturing polyacrylamide 
gradient gel. Each complex migrates until it reaches the 
pore exclusion limit which is dependent, o a first approxi- 
mation, on the size of the complex. The apparent M r of 
the HSE-HSF complex from schistosomula was 80 000 and 
from worms it was 70 000 (Fig. 2). A control of HSF of D. 
melanogaster  (Dm) gave a much larger HSE-HSF com- 
plex with M r of ~ 800000, which is the size of the native 
complex containing six HSF molecules, as reported previ- 
ously [13]. The specificity of the schistosome complexes 
was ascertained by competition experiments where com- 
plex formation was inhibited by cold HSEI and not by 
HSEII (Fig. 2B), as found in the EMSA experiments [9]. 
HSE CONSENSUS 5' nGAAnnTTCnnGAAn 3' 
HSE I GATCGTCATAGAAAGTTCTAGTAC 
CAGTATCTTTCAAGATCATGCTAG 
HSE II GATCTACGTCGAAT TT~GACTAGG 
ATGCAGCTTA AAGCTGATCCCTAG 
oo 
AFF IN ITY  PROBE GATCGTCATAGAAAGTTCTAGTACGAUC 
CUAGCAGUAUCUUUCAAGATCATGCTAG 
O@ • 0@0 000 PRIMER 
Fig. 1. Oligodeoxynucleotide probes used as inhibitors and for photo- 
affinity labeling of HSF. HSEI and HSEII oligos used as inhibitors 
contain double-stranded r gions corresponding to the sequences of HSEI 
(positions -98 to -117) and HSEII (positions -225 to -244) in the 
promoter of the hsp70 gene of S. mansoni [5]. The HSE consensus 
sequence [6,7] composed of three inverted repeats of the nGAAn pen- 
tamer (n, any nucleotide) is given on top. GAA and TTC blocks of the 
inverted repeats are underlined. Asterisk indicates the T-base in HSEI 
critical for recognition by HSF of schistosome [16]. The gap in HSEII 
indicates deletion of a single bp (n) compared tothe HSE consensus. The 
photoaffinity DNA probe containing BrdU (open circles) and 32 P-labeled 
deoxyadenosine (filled circles) was prepared with the Klenow enzyme 
using as template the 24-mer oligo of HSEI (top strand) and the 14-mer 
primer (underlined), asdescribed [21]. 
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Fig. 2. Pore exclusion electrophoresis of HSE-HSF complexes. Pore 
exclusion electrophoresis of HSE-HSF complexes of schistosome and 
drosophila in the absence (A) and presence (B) of cold HSEI or HSEII 
competitors added at 100-fold molar excess to the binding reactions. 
DmHSF produced in E. coli transfected with the pHSF20 plasmid 
encoding HSF of D. melanogaster [22], and parasite xtracts from 
different developmental stages, were prepared and reacted with 32p_ 
labeled HSEI probe, as described [9]. Reactions contained 6 Ixg protein of 
cercariae (CER) and schistosomula (SOM), 30 p.g protein of adult worm 
extracts (WORM), 1.75 p~g protein of E. coli-lysate containing DmHSF. 
Extracts were prepared from freshly isolated adult worms, and from adult 
worms kept in vitro for 2 h at 37°C or 42°C. Reactions were subjected to
24 h electrophoresis in a native polyacrylamide gradient gel, as described 
[11]. Positions and sizes of native protein markers are indicated on the 
left. 
To evaluate if the complexes contain monomers or multi- 
mers of HSF, we synthesized the HSE probe with BrdU 
(see Fig. 1), and used it as a photoaffinity reagent o label 
the HSF monomer that was sized by SDS-PAGE [14]. 
Extracts from schistosomula and from adult worms kept 
for 2 h at 37°C or 42°C yielded a protein with an apparent 
M s of 60 000. Extracts from freshly isolated adult worms 
gave two proteins with M r of 60 000 or 80000. Usually 
only one of the forms was detected (Fig. 3), and occasion- 
ally both of them were present (data not shown). The HSF 
of Dm (DmHSF) used as control gave a protein of 105 
kDa, in agreement with the size of the monomeric DmHSF 
reported previously [15]. These findings indicate that schis- 
tosome has two (maybe three) forms of HSF, and different 
forms of HSF are expressed at different developmental 
stages. Apparent molecular weights of HSE-HSF com- 
plexes determined by PEE and SDS-PAGE are given in 
Table 1. 
We speculate that the 60 kDa monomeric HSF (Fig. 3) 
is associated with stress inflicted on schistosomula during 
transition from water at 23°C to the internal milieu of the 
host at 37°C, or in adult worms maintained in culture in 
vitro for 2 h irrespective of temperature (37°C or 42°C). 
The 80-kDa monomeric HSF found in adult worms freshly 
isolated from infected mice (Fig. 3) maybe associated with 
adult worms residing in the host at 37°C. The occasional 
finding of 60 kDa species in freshly isolated adult worms 
might be due to stress inflicted during parasite collection, 
and length of manipulation to collect the worms from 
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Fig. 3. SDS-PAGE of U.V.-crosslinked HSE-HSF complexes. The photo- 
affinity probe (HSEI-derived oligo synthesized with BrdU and [c~- 
32 P]dATP, see Fig. 1) was reacted with extracts from different develop- 
mental stages of the parasite or with DmHSF, and subjected to EMSA. 
Native gels of the EMSA experiment were irradiated with U.V. light (312 
nm for 15 rain), positions of HSE-HSF complexes were identified by 
short exposure to X-ray film, bands containing HSE-HSF complexes were 
excised from the native gel, and then subjected to SDS-PAGE and 
autoradiography, essentially as described [21]. The photoaffinity labeling 
is specific for the HSE sequence since addition of cold HSEI abolished 
complex formation while addition of HSEII did not (data not shown). 
Positions and sizes of prestained protein markers are indicated to the left. 
infected mice (liver perfusion, washing in PBS and freez- 
ing). 
The U.V.-cross-linking estimates in schistosomula and 
adult worms HSF species of same mass of 60 kDa (Fig. 3), 
yet these molecules are probably not identical because in 
PEE the schistosomula species is larger than the adult 
worm species (Fig. 2). This discrepancy may originate 
from the fact that the electrophoretic mobility of a native 
protein in nondenaturing conditions is more sensitive to 
subtle changes (e.g., pI, post-translational modification, 
conformation) than mobility of same protein denatured by 
SDS. Whether the 60, 70 and 80 kDa species detected by 
PEE and U.V.-cross-linking are different proteins (encoded 
by different genes), or they represent different post-transla- 
tional modifications of the same protein, is a question that 
can be answered by gene cloning. 
Recent studies on DNA sequence recognition by S. 
mansoni HSF (SmHSF) also indicate that schistosome may 
have more than one form of HSF [16]. It was previously 
shown that the active species of HSF of different organ- 
isms [17-19] is a homotrimer that reacts strongly with an 
array of three nGAAn inverted repeats according to the 
ideal consensus sequence (nGAAnnTTCnnGAAn), and that 
each monomer makes contact with a single nGAAn pen- 
tamer [10,17]. This model of a homotrimer composed of 
three identical HSF monomers [10,17] is inconsistent with 
the DNA sequence specificity of SmHSF that does not 
react with the ideal consensus equence. In the schisto- 
some, binding is attained only with a variant sequence 
(nGAAnnTTCnnGTAn) in which the third pentamer is 
nGTAn instead of nGAAn. It is unlikely that the same 
monomer would react exclusively with nGAAn at one site 
and with nGTAn at another site of the pentamers array. 
The inconsistency can be explained by alternate models, 
one of which is that schistosome may have different HSF 
monomers [ 16]. 
All HSFs isolated so far bind their DNA targets as 
trimers [17-19] or higher multimers [13]. The sizes of 
monomeric HSF species estimated by U.V.-cross-linking 
and SDS-PAGE (60 and 80 kDa) are comparable to the 
sizes estimated by PEE (70 and 80 kDa). These findings 
suggest hat the native HSE-HSF complexes of schisto- 
some contain a single HSF molecule and not multimers of 
HSF as found in other organisms. Alternatively, the HSE- 
HSF complex of schistosome may be an oligomer, but this 
is a very labile complex that disintegrates into HSF 
monomers during electrophoresis in nondenaturing els. 
This issue will be clarified by gene cloning, currently in 
progress in our laboratory. 
The regulation of schistosome hsp70 mRNA by stress 
and by a developmental program [4], as well as the possi- 
bility that the parasite may express different HSF molecules 
(this report and Ref. [16]), recalls the findings on HSF1 
and HSF2 cloned from mouse [20]. The two HSF molecules 
are products of two different genes, where HSFI is acti- 
vated to bind DNA by heat shock at > 41°C, while HSF2 
can bind constitutively to DNA. It was proposed that each 
factor has a different role in regulating transcription of the 
heat shock genes. HSFI with inducible activity could re- 
spond to stress signals and activate the classical heat shock 
response. HSF2 with constitutive activity could be used to 
turn on heat shock genes in the absence of stress, e.g., 
during cell differentiation and development. 
The authors thank Dr. J. Clos (Bernhard Nocht Institute 
for Tropical Medicine, Hamburg, Germany) for the 
pHSF20 plasmid encoding HSF of D. melanogaster. This 
Table 1 
Apparent molecular weights of HSE-HSF complexes of S. mansoni and 
D. melanogaster 
Source of HSE-HSF complex Apparent M r determined by 
PEE SDS-PAGE 
Shistosomula 80 000 60 000 
Adult worms 70000 60000 
(freshly isolated) 80 000 
Adult worms (kept 2 h 70 000 60 000 
at 37°C or 42°C) 
D. melanogaster 800 000 105 000 
Apparent M r values were determined by PEE (estimates the size of the 
native HSE-HSF complex) and by U.V.-cross-linking followed by SDS- 
PAGE (estimates the size of the monomeric omplex). 
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